The primary goal of Chinese agricultural development is to guarantee national food security and the supply of major agricultural products. Hence, the improvement of agricultural technology plays a vital role in China for economic development. Technological change in agricultural sector results in higher future economic growth as well as food security, both in food consumption and availability. By constructing China's agriculture general equilibrium model (CGE), this paper explains the impact of agricultural technology change. This paper constructs a dynamic CGE model based on CHINAGEM model for analyzing the technology increase in China Agricultural sector and then describes the construction of database and policy scenario. Model such as Computable General Equilibrium (CGE) model is used to conduct analysis of the economy-wide impacts of new agricultural technologies in China. In the general equilibrium model, some external variables are established; any part of structural changes caused by its exogenous variables can affect the entire system, resulting in general changes of goods, prices and quantity of factor. Simulation result of this paper indicates the agriculture sector output increases respectively; employment decreases; production cost decreases; and investment increases. Finally this paper describes the effects of the policy of technology changes by comparing policy scenario to baseline scenario and explains the impact of technology changes in China economy using CHINAGEM model.
has been keeping high growth rates, and successfully fed the largest and continuously increasing population in the world. The improvement of yields from agricultural crop is the only means to break the constraints of land resources and achieve sustainable agricultural growth in China. The income of farmers in China has been growing very fast so far. It has changed the livelihoods of a lot of poor farmers. The poverty rate in rural China has been substantively decreasing in the past years. Recent data from the National Bureau of Statistics showed, over the past six years China has upraised 82.39 million rural poor out of poverty. The proportion of people living below the poverty line dropped from 10.2 to 1.7 percent in the same period. According to National Bureau of Statistics, the poverty rate of the people living in rural area in 2018 was 1.4 percentage points lower than 2017 (China Daily 2019) . Technological change has played a major role in the development of the agricultural sector in China. China has a large agricultural sector and large food economy. Although agricultural growth has been lower than the growth in the rest of economy, its performance has been impressive since late 1970s. After 1978, de-collectivization, price increases, and the relaxation of domestic trade restrictions on most agricultural products accompanied the take-off of China's food economy. During the reform period there are several factors that have simultaneously contributed to agricultural production growth. The reform of Agricultural sector resulted in increase in agricultural production, increase in food consumption quality and quantity, and reduction of poverty. Household responsibility system (HRS) was among a system of Agricultural reform in China and a policy that gave individual farmers control and income rights in agriculture. Household responsibility system in the early 1980s was an agriculture production system, which allowed households to contract land, machinery and other facilities from collective organizations. In this system households could make operating decisions independently. HRS spread nationwide with the support of the central government and by 1983 more than 93 percent of production teams had adopted the system. Some studies indicate that since the HRS was completed in 1984, technological change has been the primary engine of the agricultural growth. Improvements in technology have by far contributed the largest share of crop production growth even during the early reform period. China's agricultural research is entirely dominated by the State and Chinese state is spending significantly large sums of money on agricultural R&D projects. According to the Chinese Academy of Sciences, in 2016 government spending on R&D was 2.1 per cent of GDP, reaching 1.54 trillion yuan ($296 billion). China is one of the only countries in the world in which agricultural R&D expenditures as a share of Agricultural GDP is rising. According to BEIJING (Reuters), the Agricultural Development Bank of China, one of the country's main policy lenders, agreed to loan at least 3 trillion yuan ($450 billion) by 2020 for the modernization of China's agriculture industry. Moreover China is investing in far more than conventional agricultural technology. China's agricultural leaders believe that investments in agricultural R&D will play an important role in driving agricultural output in the future. Therefore this paper focuses on technology implication on Agricultural sector and its influencing factors in China economy using CGE analysis. This paper proposed to run a policy simulation of technology increase on agricultural sector and explained the effects of economy, and finally give details analysis whether it has advantage to introduce new technology in agricultural sector or not. The rest of this paper explains methodology and the main model, and policy simulation scenario. Finally this paper builds a conclusion based on policy simulation results and give future suggestions.
A CGE Model for Analyzing Technology Implication

Background of China General Equilibrium Model
The thought of CGE model came from the general equilibrium of Walrasian Theory, commonly used to analyze taxes, changes in public consumption, tariffs and other foreign trade policies, technology changes, environmental policies, wages, the welfare of a country or region (domestic or transnational), industrial structure, labor market, environment condition, and income distribution effect. CHINAGEM is a recursive dynamic CGE model was developed from the Monash model (Dixon & Rimmer, 2002) . Since the 1990s, the MONASH model has been applied in economic policy analysis on a broad range of issues in Chinese economy such as to analyze tax reform; contributions of various economic sectors; fiscal relationships between federal and regional governments; forecasting greenhouse gas emissions, regional employment; employment and wage policies; and macroeconomic policies. In the past decade, other countries have been developing their own dynamic CGE models using MONASH model. US, Finland, China, Vietnam, Malaysia and Poland have already applied MONASH-style dynamic models for policy analysis. Currently, the research field of CGE model application in China is mainly focus on several aspects such as, (1) International trade policy, especially study of tariff and non-tariff barrier policies, (2) Economic reforms and economic development policy studies, (3) Macroeconomic policies, especially tax policy, and (4) micro-industry policy. Although in recent years in China there has been a rapid development in CGE research, but overall, using CGE to analyze changes in technology in agricultural sectors there has made a little contribution from researchers. The model used in this paper for analyze the technological implication in Chinese Agriculture is CHINAGEM (China Agricultural) model. CHINAGEM is a MONASH-style dynamic Computable General Equilibrium (CGE) model of China. This model is widely used for estimating changes in technology, generating up-to-date input-output table, forecasting policy changes etc. CHINAGEM is a wide-ranging system which followed by lot of equations describing the behaviors of economic agents and linkages between different sectors of the economy and between China and the rest of the world. CHINAGEM simulations start from a base year 2002 and the year 2002 input-output table is used to construct the model database that depict a concept of the Chinese economy for that year. The model database provides an initial solution for the CHINAGEM equation system and simulation moves each of the components of the input-output database. The core part of CHINAGEM contains widely accepted economic theories such as consumer and producer optimization behavior. China's agriculture CGE model is divided into 137 sectors and products, 10 kinds of labor (agricultural employment, rural non-farm employment, migrant workers, urban low-skill, high-skilled urban, agricultural unemployment, unemployment of migrant workers, urban unemployment, the new rural labor force, added urban workforce,). Variables in CHINAGEM are larger than the number of equations. CHINAGEM variables are flexible, one variable can be endogenous in one simulation and other simulation can be exogenous. In CHINAGEM, historical and forecast simulations form a baseline scenario and policy simulation scenario shows the effects of a change in economic policy. Therefore this paper explains what will happen to economy when there is technological change or shock? Or it can be said the technology is expected to grow specific percentage set by simulation then what happen to macro-economy, agricultural sectors and overall investment?
Model Database
Database of China's agricultural CGE model came from the input-output table in 2002, the national budget, the final statement of income and expenditure, and the balance of payments. The model database is built mainly based on the Weighted Average Mark (WAM) method of Monash University in Australia. The basic steps for building a model database include building a product flow matrix, a tax matrix, and a circulation expense matrix, and also performing the necessary summation and splitting of the industrial sectors based on the 2002 input-output table. Figure 1 shows the structure of the CHINAGEM input-output database. CHINAGEM input-output database consists of three parts such as absorption matrix, joint-production matrix and a vector of import duties. In the absorption matrix the first row from V1BAS to V6BAS shows flows in year t of commodities to producers, investors, households, exports, public consumption and inventory accumulation. Each of matrices has C×S rows, one for each of C commodities from S sources. C is the number of commodities in the model (e.g., 137 for the year 2002 database) and S is 2 sources (domestic and imported). In the database V1BAS and V2BAS each have/columns where/stands for the number of industries (137 for the 2002 database). On the other hand V3BAS to V6BAS each have one column. In the input-output database, no imported commodity is exported without being processed in a domestic industry and V4BAS(c,s) is zero wherever s = "imp". All of the flows from V1BAS to V6BAS are valued at basic prices. The basic price of a domestically produced good (s = "dom") is the price received by the producer and the basic price of an imported good is the landed-duty-paid price. The margin matrices from V1MAR to V6MAR show the values of N margin commodities used in facilitating the flows identified in V1BAS to V6BAS. For the 2002 database, N = 8 where N stands for number of commodities. In the database imports are not used as margin services. Each of the matrices from V1MAR to V6MAR has C×S×N rows. V1MAR and V2MAR have/columns identifying industrial producers and industrial capital creators, and V3MAR to V6MAR each have one column. All the flows in the MAR matrices as with the BAS matrices are valued at basic prices. 
The left hand side is the income measure of the GDP and the right hand side is the expenditure measure of GDP.
Model Policy Scenario
In the agricultural CGE model, technological change means unit production. Investment in the technology is the input required for the change. In the CGE module, there are three levels of input technology, the first level is the input function of Lyontief production, and including the middle Inputs and basic inputs and other input technologies. Second level is a CES production input function that includes land, labor, and capital input technology. The third level is still the CES production input function including different types of labor input. In agriculture CGE model, technological change is the input, changes of per unit of output changes, it is the input technology. So production inputs function of Leontief at first-levels used to simulate the result. The Equation (3), of the Leontief's production function after adding the technical variables is as follows:
( 3) Where, X j is output, X1 j , … Xn j is input, A1 j , … An j is input technological change of each variable. As we can see, investment input is changed with its technology variable. When technology variable A1 j decline, equal the improvement of technical levels, therefore same output of X j will reduce the input investment of X1 j . In the main model, technology in agricultural crop like Soybean, Corn, Wheat, Rice, Millet and Vegetable has been increased to 25 percent to simulate and evaluate the impact of technology increase in China economy. It is assumed that from the period of 2020 to 2030 efficiency of technology will be improved from current condition and positively impact on China's economy and grain security. In the main model, in baseline scenario it has been shocked GDP, population, employment, activity level and other macro shock, and in policy scenario it has been shocked the exogenous variable named a1prim which stands for all factor augmenting technical change. The computational approach for CHINAGEM depends on being able to solve the model. The model of this paper approaches year-to-year CHINAGEM simulations because it usually involves Johansen/Euler computations of the effects of relatively small movements in the exogenous variables. Euler solution method eight-step computation is made by solving linear equations system in the main model.
Model Result Analysis
When carrying out policy evaluation using China's agricultural CGE model, two scenarios has been built, namely, the baseline scenario and policy scenarios. The baseline scenario refers to how the economic variables changed under no policy conditions. Policy scenario refers to how the economic variables changed with the policy under the baseline scenario. The difference gap between baseline scenario and policy scenarios is the effect of a policy change. In the baseline scenario, the simulation gives the overview of macroeconomic and agricultural sector impact analysis before policy simulation scenario. Baseline scenario formed by historical and forecast simulations. Therefore, the baseline simulation refers to the historical fit of 2002-2020 and the forecast fitting of 2020-2030 based on the 2002 input-output table database. Policy simulation shows the effects of a change in economic policy from the baseline scenario. The result of this paper focuses mainly on the difference between forecast simulation and policy simulation scenario to know the policy change impact on economy.
Impact on Macro-economy
CHINAGEM has dynamic equations that link the economies from one year to the next. In a policy simulation, the CGE model is informed of a change in a technology or policy variables, and the model calculates the resulting changes to GDP, consumption, output, employment and other endogenous variables. Technology
Journal of Agricultural Science Vol. 11, No. 17; 2019 augmentation can decrease production cost, price and price-related index such as export price index, investment price index and GDP price index. Compared with baseline, the main macroeconomic variables shows increasing trend and positively affects on overall macro-economy in China. The annual percentage changes in macroeconomic variables for the policy and forecast simulations are presented in Table 1 . Table 1 show that China has the benefit of an average GDP growth of 7.9 percent from 2020 to 2030. By analyzing effects of a policy change Table 1 shows, GDP increases 0.017% and 0.005% in 2022 and 2024 followed by slight decrease in 2028 and 2030 compared to baseline. Employment increases 0.023%, 0.017%, 0.013% and 0.008% in 2022, 2024, 2026 and 2030; real wages increases 0.38% and 0.011% in 2022 and 2024, and decreases 0.009% and 0.012% in 2028 and 2030 compared to baseline. Although employment is in increasing trend compared to baseline and this will affect disposable income positively. CPI decreases 0.04% and 0.004% in 2022, 2024, and increases small in degree in 2028 and 2030. Export follows the same pattern, increases 0.273%, 0.088%, 0.037%, 0.013%, 0.004% in 2020, 2022, 2024, 2026, 2028 , and small decrease in 2030 compared to baseline. Import followed by decreasing trend with 0.023%, 0.014%, 0.01%, 0.006% and 0.005% in 2022, 2024, 2026, 2028, 2030 compared to baseline. The volume of exports is greater than the volume of imports contributing to China's current account surplus during this period. GDP growth in the policy scenario period is lower due to lower growth in employment. The lower growth in employment is due to a rapid reduction in the growth of working age population. Due to declining average propensity to consume, the policy scenario period continue to see slower growth in consumption. Source: Generated by author.
Impact on Agricultural Sectors
The Chinese economy experienced astonishing growth in the last few decades and agriculture sectors are in new era. Agriculture is a high-priority industry in China and China ranks first in worldwide farm output. The development and production of agricultural sector has played a significant role in supporting the economic growth of that country. Table 2 shows the output of agricultural sectors after augmenting technology. In terms of output of grain production under policy scenario; soybean, corn, wheat, rice, millet and vegetables production are in increasing trend, other agricultural crops are also in increasing trend after implementing policy in 2020. Baseline scenarios are also in increasing trend. Policy scenarios are compared to baseline forecasting scenario to know the policy change impact on economy and it shows soybean output increases 0.133%, 0.106%, 0.106%, 0.122%, and 0.127%; Corn output decreases 0.057%, 0.077%, 0.078%, 0.068% and 0.053%; rice output decreases 0.027%, 0.03%, 0.027%, 0.019% and 0.002%; millet output decreases 0.062%, 0.084%, 0.088%, 0.084% and 0.075%; vegetable output decreases 0.026%, 0.03%, 0.028%, 0.02% and 0.006% in 2022, 2024, 2026, 2028 and 2030 . Meanwhile wheat output decreases 0.026%, 0.022% and 0.011% in 2022, 2024, 2026 and increases 0.009% and 0.039% in 2028 and 2030 compared to baseline. Other agricultural crops and apples are in increasing trend; and grapes and citrus are in decreasing trend compared to baseline after implementing policy shock in 2020. Changes in investment in agriculture by sectors provide evidence of positive pattern in economy. Investment in soybeans, corn, wheat, rice, millet and vegetables are in increasing trend and increased significantly both baseline and policy scenarios. Compared with policy to baseline forecasting scenario, investment in soybean increases 2.294%, 1.477%, 0.951%, 0.614% and 0.399%; corn investment increases 4.23%, 2.549%, 1.444%, 0.811% and 0.465%; wheat investment increases 2.848%, 1.872%, 1.217%, 0.789% and 0.513%; rice investment increase 3.11%, 2.051%, 1.32%, 0.846% and 0.543%; millet investment increases 3.449%, 2.23%, 1.419%, 0.901% and 0.576%; vegetable investment increases 3.215%, 2.111%, 1.345%, 0.847% and 0.535% in 2022, 2024, 2026, 2028 and 2030 after policy implication in 2020 (see Table 3 ). Changes in the output and investment reflect changes in employment. Overall employment in soybean, wheat, rice, millet and vegetables sectors are in decreasing trend, and employment in corn sector is in increasing trend both baseline and policy forecasting scenarios. Compared with policy to baseline forecasting simulation scenario, the employment of soybean increases 0.188%, 0.159%, 0.144%, 0.139% and 0.147%; employment of wheat increases 0.078%, 0.054%, 0.046%,0.051% and 0.07%; employment of rice increases 0.086%, 0.051%, 0.033%, 0.026% and 0.031%; employment of vegetable increases 0.087%, 0.052%, 0.031%, 0.021% and 0.024% in 2022, 2024, 2026, 2028 and 2030 after policy implication in 2020. Meanwhile employment of corn increase 0.07%, 0.002% in 2022 and 2024, and decreases 0.031%, 0.042%, 0.038 percent in 2026, 2028 and 2030; employment of millet increases 0.064%, 0.009% in 2022 and 2014, and decreases by 0.018%, 0.029% and 0.032% in 2026, 2028 and 2030 compared to baseline after policy implication in 2020 (see Table 4 ). Source: Generated by author.
Conclusion and Policy Recommendation
Agriculture technology is the key issue to certain the food security. Simulation result shows, if the technology improved by 25 percent it will reduce production cost, products prices and price index (export price, investment price, and GDP price), making the trade situation more significant. Investment and capital inputs increases, result in increases of employment, real wages, household disposable income, household and government consumption.
The technology improvement will have positive impact on overall macro-economy in China. The policy for improving agricultural technology progress will intensify the labor transfer and increases the quantity of labor transfer. Employment in Soybean, Wheat, Rice, Millet and Vegetable sectors are worse compared to other agricultural sectors. Employment in these sectors will switch to other sector. There will be a few agricultural and food commodities that could experience significant decline in self-sufficiency, but they will not affect China's economy overall. Accompanying China's rapid economic growth and its rising importance in the global economy, China's agricultural and food as well as overall economy will also experience significant structural changes.
China will play a greater role in the world economy. Because of higher economic growth in China than in the rest of the world, China's GDP shares in the world will rise gradually. Agricultural and Food trade in other countries/regions with china will also increase rapidly in future. The successful growth in the agriculture sector facilitates the economic transition from agriculture to industry/services and from the rural to the urban economy. The growth in agricultural productivity enabled China to release its large pool of abundant rural labour, providing cheap labour for the nation to industrialize its economy. The agricultural technology industry in China has been growing leaps and bounds for the past decade, however in order to create a completely sustainable agricultural sector, more advancement and improvement are required. To meet challenge in future will require substantial and long-term efforts in technological innovation, economic restructuring, investments, seeking new resources and establishing strategic partnerships with major trade partners.
